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The Delta Ecosystem as a Dynamic System 

 

The State Water Resources Control Board is faced with the task of revising the Bay Delta Plan after the 

Pelagic Organism Decline and the collapse of populations of many native fish species which were 

formerly abundant in the estuary.   It is clear that these populations are on the edge of extinction.    The 

current proposal by federal and state agencies is to use adaptive management  to set flow critiera to 

protect the public trust, including decision trees and further ecosystem studies.    

 

However, it must be understood that this approach to use adaptive management to set flow criteria is not 

new.    In essence, prior decisions by the State Water Resources Control Board (originally the State Water 

Rights Board) resolved conflicts about water supply for diversions by the state and federal water projects 

by approving the requested maximum diversions and setting limits related to salinity and fisheries 

resources, requiring monitoring, suggesting further studies, and retaining continuing jurisdiction.   This 

has effectively been a five decade long adaptive management program.     

 

Unfortunately, the criteria used for adaptive management of ecosystem flows have not been sufficiently 

protective of the Delta estuary or of San Francisco Bay.   The result has been a decades long decline and 

collapse of native species of fish in the Delta, and a substantial decline in fish populations in the Bay.    In 

the 1980s, the concerns were that populations of pelagic species of fish in the Delta had been reduced by 

70%.   By the 1990s, the concern was that some formerly abundant species had been pushed to the brink 

of extinction.    In the 2000s, the concern was that populations of many species of fish in the Delta, that 

had formerly occupied a huge range of ecological niches, all collapsed simultaneously. 

 

It  is clear that the Delta ecosystem is far into a new regime.   (See diagram below by Randy Baxter.)  

 



 
 

Regime shift model  from Baxter, 2010, as reproduced in “Adaptive Management for Fall 

Outflow for Delta Smelt Protection and Water Supply Reliability”, USBR 2011.  Original 

Caption:   “The ecological regime shift in the Delta results from changes in (slow) environmental 

drivers that lead to profoundly altered biological communities and, as soon as an unstable 

threshold region is passed a, new relatively stable ecosystem regime.” 

 

Over the long term, native species are declining or vanishing and invasive species are increasing at all 

levels, and the total biomass, both of the Delta and of San Francisco Bay ecosystems, is down 

significantly.   For this reason, any ruling by the State Water Resources Control Board on adaptive 

management of water exports needs to explicitly consider the issue of ecosystem regimes and long term 

ecosystem stability.   There also needs to be explicit consideration of upper limits on exports of unstored 

water needed to keep healthy populations of native fish. 

 

In particular, the current permits for the State Water Project and Central Valley Project allow exports of 

very large amounts of unstored water  from the Sacramento River and the Delta.  The right to export this 

water is junior to the needs of the areas of origin.   Therefore it needs to be subject to limits which are 

sufficiently protective of area of origin beneficial uses, including both fishery needs and local water 

quality needs. 

 



For fishery needs, the public trust requires a management scheme where populations of aquatic species at 

different trophic levels are maintained within reasonably stable ranges.    In addition, the target median 

population size for all species needs to be sufficiently large for the population to survive forseeable 

natural events.    California has a huge natural variation in precipitation and runoff, that produces large 

natural variations in populations of aquatic species, and creates huge stresses during dry and critically dry 

years.     Climate change is likely to increase these stresses in a myriad of ways, including reduction in 

runoff and an increasing frequency of dry and critically dry years, increased water and air temperatures, 

and changes in ocean conditions. 

 

For this reason, the State Water Resources Control Board must significantly constrain exports of unstored 

water.   Over the long run, it is simply not possible to adaptively manage populations of fish in an 

extinction spiral.       To protect the public trust, the State Water Resources Control Board needs to set a 

range of exports of unstored water where the center of the range leaves enough water in the estuary to 

sustain robust, healthy populations of native fish, as well as to maintain water quality in the face of 

existing streams of contaminants. 

 

Water Supply Assumptions in State Water Rights Board Decisions 990 and 1275  

 

One of the key issues with the original permitting decisions by the State Water Rights Board was the lack 

of knowledge of hydrology and ecosystem needs.   But even within that limited understanding , it became 

clear in the hearings for Decision 990 in 1959 and 1960 that there were significant conflicts between the 

assumed water supplies for the U.S. Bureau of Reclamation’s applications for diversions from the 

Sacramento River and Delta, and the application of the California Department of Water Resources for 

diversions in the Delta. 

 

In particular, at the November, 1959 hearing, became clear that the Bureau of Reclamation water supply 

study for the Central Valley Project diversions included the “entire flow of the Feather River” (Decision 

990, p. 58).    The hearing was recessed at the request of the state’s attorney.    During the following 

months.  The Department of Water Resources and the Bureau of Reclamation worked out the first 

Coordinated Operating Agreement.    In Article 12, the parties agreed to divide unappropriated water in 

the Delta in the ratio of basis of total diversions under applications permits, which were then 8,300,000 

acre feet per year  for the Bureau, to 5,260,000 acre feet per year for the Department of Water Resources, 

and to similarly allocate any shortages.
1
   The Board decided that this was sufficient to issue the permits 

for the Bureau of Reclamation diversions. 

The Board did note that “the variances between the Bureau’s Central Valley Project and the Department’s 

Feather River Project of 1951 and the plans presented at the hearing, involving no more water than was 

available in 1951 (except for the Trinity River diversion) poses a problem that cannot be solved by the 

Board.   All it can do is maintain continuing jurisdiction until the Department receives its permits for the 

                                                           
1
 State Water Board, Decision 990, p. 59   Available at 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/decisions/d0950_d0999/wrd990.p
df 

http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/decisions/d0950_d0999/wrd990.pdf
http://www.waterboards.ca.gov/waterrights/board_decisions/adopted_orders/decisions/d0950_d0999/wrd990.pdf


State Water Plan and has arrived at an operational agreement with the Bureau as proposed in the 

testimony of the Director of the Department.”
2
 

There were also issues in that no explicit reservation was made for the needs of water users in the Delta.   

The end result was that the permits which were approved for the Bureau of Reclamation relied on water 

supplies that were double-counted, and allowed export of water needed for the areas of origin. 

These problems were further exacerbated by Decision 1275 in 1967, when the permits were issued for the 

California Department of Water Resources diversions in the Delta.    A joint water rights investigation by 

the Bureau of Reclamation and the Department of Water Resources showed that there was likely too little 

water in the Delta for the State Water Project to divert any more water than the yield of Oroville reservoir.     

The Department of Water Resources produced studies showing that with an extra 900,000 af/year of 

water from the proposed Dos Rios Dam on the Eel River to supplement flows in the Sacramento River, 

that there would be enough water for the proposed diversions.    The State Water Resources Board 

granted the diversion permit in the Delta based on these studies. 

As we all know, by 1967, the construction of the proposed dam on the Eel River had become hugely 

controversial.   In  1968, Governor Reagan intervened to mandate the development of alternatives.    In 

1972, the state legislature designated the Eel River as a Wild and Scenic River, as well as portions of the 

Klamath, Smith, and Trinity rivers.   The Eel and undeveloped portions of the Trinity Rivers were 

designated federal Wild and Scenic Rivers in 1981. 

The end result was that the upstream water supply for the permits issued by the SWRB for diversions in 

the Sacramento River and Delta was been short by millions of acre feet per year for the last five decades.   

As a result, there has been increasing reliance on export of unstored flows in the Delta, which has been 

very detrimental to fish populations. 

State Water Rights Boards Decisions about availability of unstored water for export in summer and 

early fall 

Decision 990 also explicitly considered the availability of water for export in the summer and early fall.   

The Bureau of Reclamation, the Department of Water Resources, and the Sacramento River and Delta 

Water Association produced studies of the existing diversions along the river.   Page 28 of D990 describes 

the studies: 

In an effort to reach an agreement on existing water rights along the Sacramento River and in the 

Delta, the Bureau, the Department and the Sacramento River and Delta Water Association 

(hereinafter referred to as Association) entered into a cooperative study program.  For the 

purposes of the these studies the engineers for each agency agreed upon certain assumptions  with 

respect to hydrologic conditions and water rights.  The final report acknowledged these 

assumptions, particularly with respect to water rights, may differ considerably from the rights as 

may be determined by a court of law.  The results of these studies are presented in "Report on 

1956 Cooperative Study Program" (USBR 107) 

The study is referenced with respect to diversions: 

                                                           
2
 Ibid., p. 62 



With respect to the availability of water along the Sacramento River from Shasta Dam to the 

Delta and in the channels of the Delta,  Study C-2BR indicates that no water is available during 

August and only infrequently available during July.  Study  C-650D indicates that September is 

also a month of questionable supply (USBR 139 and SRDWA 39).   

This was true even though the studies relied on methods of estimating pre-existing diversions that were 

fairly incomplete, as well as completely outdated assumptions about needed Delta outflows.  The studies 

assumed minimum Delta outflows of only 3,300 cfs in all months, and some of them assumed minimum 

Delta outflows of only 2,000 cfs.    

 D990 states that other evidence was presented by the Bureau of Reclamation and the Department of 

Water Resources about return flows: 

However, the Bureau presented evidence that because of return flows from applied Project water, 

there will be unappropriated water available in various reaches of the River below Keswick Dam 

and in the Delta year-round.   This evidence is corroborated by testimony  submitted by the 

Department (RT 10928-30).   

This newly presented evidence likely double-counted the return flows, since the original 1956 

Cooperative Study Program report included generous estimations of return flows in its calculations of 

water available for diversions.   However, the State Water Rights Board allowed these estimates: 

There is no doubt that Project water applied to lands which drain into channels tributary to the 

Delta will provide additional return flows, but the quantities cannot be predicted with any degree 

of accuracy (RT 10972-75).  Return flows from applied Project water will enter the Sacramento 

River at various points below Keswick Dam (USBR 164).  It appears proper, therefore, to allow a 

year-round direct diversion season at points below Shasta Dam as requested by the Bureau.  

But the Board continued: 

 Any necessary reduction in the season can be made at the time  of licensing when the project is 

fully developed and the extent of return  flow can be more accurately determined. 

Tables B through E, reproduced at the end of this report, show an average of the amounts available in 

study C-2BR and study C-650D, for pre-1927 appropriative and other rights, for pre-1938 appropriative 

and other rights, and for pre-1954&1955 appropriative and other rights.     

The table below is produced from the averages for pre-1938 and other rights.   It averages amounts 

available in Wet, Above Normal, Below Normal, Dry and Critically Dry years.  It shows water available 

in July only in wet years, in August in no years, and very little available in September. 

 

 

 

 



Year Type Months of diversion 
  

 
Apr  May Jun Jul Aug Sep Oct Total 

Wet 4435 3914 2396 396 5 119 338 11603 

AN 3644 1741 392 0 0 101 280 6157 

BN 3003 2586 1262 8 0 74 296 7229 

Dry 1795 1249 434 25 0 32 195 3730 

Critical 562 355 200 0 0 9 92 1218 

 

Decision 1275, approved by the Board in 1967, originally excluded July, August, and September from the 

allowed season of diversion for the State Water Project.    Decision D1291 discusses the reasons: 

Decision  D 1275 excluded July, August,  and September from the authorized  seasons of 

diversion  from the Delta.  The reason for excluding  these months,  discussed  in the decision 

beginning  on page  26,  was that the studies  introduced by  the Department  at the hearing  (Exh. 

72 and  related  exhibits)  showed that unappropriated  water would have been  available  in the 

Delta during  these months in only a few years during  the 30-year period of study and  then only 

in small quantities. 

The Department  contended  in its petition  that greater quantities  of unappropriated  water  than 

were  indicated by  its previous  studies  will be available  in the Delta  for several  years because  

the actual  in-basin use  of water will be less than the assumed  in-basin  rights due to the fact that 

some rights are still in a development  period and all  in-basin rights will not be utilized  

simultaneously  at maximum  rates.  

The Department’s  exhibits and  testimony demonstrated  that for several  years substantial  

quantities  of unappropriated water will probably  occur in the Delta  during July, August,  and 

September  that were not indicated by the evidence which  was the basis  for deleting  these 

months from  the seasons of diversion in Decision  D 1275.  

The Department of Water Resources produced the following table of water available for export in five of 

the 15 years between 1952 and 1967. 

 

These numbers were based on new assumptions about consumptive use in the Delta which were never 

checked.     The State Water Board decision only stated that,  “the magnitude of the quantities  assures 



that there will be substantial water available in the Delta with an average  frequency of one year in three 

even if the assumptions are in error by relatively large percentages.” 

On  the basis of this rather speculative math,  the State Water Rights Board allowed diversions of 

unstored water by DWR during the months of July, August, and September, as well as the U.S. Bureau of 

Reclamation. 

We now have a much better knowledge of hydrology in the Delta, and there are sophisticated computer 

models of Delta flows.   These numbers have never been compared with numbers from Dayflow, and 

should be. 

Shifts in Precipitation in Delta Watersheds 

The charts below, from the Western Regional Climate Center, show shifts in precipitation in the 

Sacramento-Delta region.    From 1975 to the present, there is a reduction in precipitation in the spring 

and fall, and an increase in the winter.   As noted by Killam and Bui et. al., examination of regional data 

shows similar seasonal trends throught the state, including the Sierras 
3
,
4
     The decreases in precipitation 

and shifts in runoff exacerbate impacts of water diversions by reducing Delta inflows and outflows in the 

spring, summer, and fall. 

 

                                                           
3
 Killam, D., A. Bui, S. LaDochy, P. Ramirez, W. Patzert and J. Willis. 2011. Precipitation trends in California: 

Northern and central regions wetter, southern regions drier.      Unpublished.    Cited in   Temperature and 

precipitation trends in California:  Global warming and Pacific Ocean influences,  LaDochy and Ramirez et. al.  (See 

reference 20.) 

 
4
 Regional precipitation data with linear trends also available from Western Regional Climate Center, California 

Climate Tracker.    Available at http://www.wrcc.dri.edu/monitor/cal-mon/frames_version.html 

 

http://www.wrcc.dri.edu/monitor/cal-mon/frames_version.html


 

 



 



 

 

 

 

 

 

 

 

 

 

 



Projected Increases in the Frequency of Dry Water Years  Under Climate Change 

 

Many studies project an increase in the frequency and severity of droughts in California under climate 

change. 

As part of the 3rd California Climate Change Assessment in 2012, the California Climate Change Center 

released a study by Sarah Null and Josh Viers at UC Davis, Water and Energy Sector Vulnerability to 
Climate Warming in the Sierra Nevada: Water Year Classification in Non-Stationary Climates.  
 

The study used the six global climate models from the California Climate Assessment, and made 

projections under the SRES A2 (medium-high) and B1 (low) greenhouse gas emissions scenarios that 

were used in that assessment.  (see Appendix.)  The study usedthe same Variable Infiltration Capacity 

model that DWR uses for downscaling, with Bias-Corrected Spatial Disaggregation. 

 

The main difference between the non-stationary study and modeling by the Department of Water 

Resources for assessments of climate change impacts on water supply, is that the non-stationary study did 

not correct model outputs to the historical hydrology.   Instead, researchers ran the models without 

climate forcing, and compared the results to the historical hydrology.    The graph below shows the 

cumulative probability of the different models compared with the observed 1951-2000 hydrology. 

 

 
 

 

ANOVA and t-tests using a 95 percent confidence level found that results were not significantly different 

from historic hydrology.     The graph and the statistical tests show that the models do a good job of 

capturing historic hydrology.    This was one of the criteria for model selection.
5
 

 

The results of the models under the A2 and B1 scenarios show a marked shift in climate.   Most of the 

models show major increases in dry and critically dry years, and decreases in wet and below-normal 

                                                           
5
 Climate Change Scenarios And Sea Level Rise Estimates for the California 2009 Climate Change  Scenarios 

Assessment, A Paper From the California Climate Change Center.  Cayan et. al.   op. cit. 



years.   The histograms on the next page shows the changes in the frequency of water year types for the 

Sacramento Valley Index. 

 

All of the models show a significant increase in dry and critically dry years by the latter half of the 

century, with a corresponding decrease in wet and above normal years.    Many of the models also show 

an increase in dry and critically dry years in the first half. 

 

The table below shows water year types, averaged over all six GCM models, for the two scenarios.     

 

 

 
 

The medium-high emissions scenario (A2) projections showed dry and critically dry years in the 

Sacramento Valley increasing to 23% of all years between 2000 and 2050, and to 38% of all years in the 

latter half of the century.     Under this scenario, the incidence of dry and critically dry years would more 

than double. 

 

The projections also showed a decrease in wet years. 

 

In the Sacramento Valley, the A2 projections showed wet and above normal years decreased to 53% of all 

years in 2000-2050, and to 41.5% of years by the latter half of the century. 

 

The lower greenhouse gas emissions scenario (B1) showed similar but less dramatic shifts. 

 



 

An earlier, study done by Brian Joyce, Vishal Mehta and David Purkey from the U.S. Center for 

the Stockholm Environmental Institute, Larry Dale from Lawrence Berkeley National Lab, and 

Michael Hanemann from the California Climate Center, was released as part of the second 



California Climate Change Assessment in 2009, also showed significant increases in the 

frequency and severity of droughts.   See Climate Change Impacts  on Water Supply and Agricultural 

Water Management In California’s Western San Joaquin Valley, and Potential Adaptation Strategies,  

August 2009.
6
 

 

This study used the same set of twelve global climate models / climate change scenarios as the 

2009 and 2012 California Climate Change assessment.    The study used a application of the 

Water Evaluation and Planning (WEAP) system developed for the Sacramento River basin and 

Sacramento Delta.  WEAP is an integrated rainfall / runoff and water resources modeling 

framework that was developed in Stockholm, and has been used for water resources planning 

around the world.   WEAP has also been used in climate modeling for the 2009 California Water 

Plan, and is being used in preparing the 2013 California Water Plan.  

WEAP has the advantage that it does not rely on perturbation of historical precipitation or runoff 

patterns for projections.   This allows the model to capture major shifts in historical patterns.   

The study found marked increases in the frequency of droughts, and under the A2 scenario, a 

mega-drought towards the end of the century.   The graph below shows the results for different 

models. 

 

 
 
 
 

 

In sum, two recent studies using two different methods of downscaling showed major changes in the 

structure of droughts in California.   Both indicated an increase in the frequency and severity of droughts.    

This information indicates that current stresses on the Delta due to over-export of unstored water are 

likely to increase with climate change. 

                                                           
6
 Climate Change Impacts on Water Supplies and Agricultural Water Management in the Western San Joaquin 

Valley and Possible Adaptation Strategies, Brian A. Joyce, Vishal K. Mehta,  David R. Purkey, Larry L. Dale, and  

Michael Hanemann.   California Climate Change Center, August 2009.  Available at 

http://www.energy.ca.gov/2009publications/CEC-500-2009-051/CEC-500-2009-051-F.PDF   

http://www.energy.ca.gov/2009publications/CEC-500-2009-051/CEC-500-2009-051-F.PDF


Potential reductions in runoff in Delta watersheds due to climate change 

The US Geological Survey released a paper in February using the A2 scenario with the Global 

Fluid Dynamics Lab (GFDL) climate model. 
7
   The study was done by R.T. Hanson and other 

researchers at USGS in collaboration with Daniel Cayan, who oversaw the modeling for the 

California Climate Adaptation Strategy.  

 

The paper uses the GFDL A2 scenario for predictions.    This is a drier scenario which was used 

in the California Climate Adaptation Strategy.   On the next page is a graph of predicted river 

flows in the Central Valley.     The USGS models predict a 16-17% reduction in Sacramento 

River flows from 2020-2030 and 2040-2050, and a 34% reduction by 2080-2090.   Similar 

reductions are predicted for the Tuolumne River.  

                                                           
7
 R.T. Hanson et. al., "A method for physically based model analysis of conjunctive use in response to potential 

climate changes,"   Feb 4, 2012.  Available at http://ca.water.usgs.gov/projects/cvhm/Hanson_etal_2012_WRR.pdf.    

http://ca.water.usgs.gov/projects/cvhm/Hanson_etal_2012_WRR.pdf


 

 

The maps below show details of the reduction in river inflows from the USGS modeling.    The 

different basins are color-coded, based on flow.    There is a marked reduction in flows in all 

basins in the Central Valley by the end of the century.  



 

 

 

 

Summer conditions leading to collapse of pelagic fish populations 

Toxic algal blooms started in the Central Delta in 1999, and were associated with significant 

reductions in Delta inflows and outflows in late spring through fall.   A study by Dr. Peggy 

Lehman of the Department of Water Resources found that large blooms of toxic algae in the 



Delta appear to be linked with low flows and high air and water temperatures.
8
   A more recent 

study linked the blooms to high water temperatures.
9
 

Low flows also caused increased entrainment -- red light levels of Delta Smelt salvage were 

exceeded in May, June, and July of 1999. 

 

 

Feyer, Sommer, and Slater
10

 (2009) noted that threadfin shad exhibit a critical recruitment break 

between summer and fall, and speculated that there might be a tie to Microcystis blooms in the 

estuary: 

However, there did appear to be a complete “disconnect” between summer salvage 

density and FMT CPT, suggesting that factors occurring during the summer-to-fall 

transition might be one possible critical period. There are two factors in particular that are 

of concern for threadfin shad during this time period, dissolved oxygen and the toxic 

algae Microcystis aeruginosa, both of which occur in the center of threadfin shad 

distribution. Episodes of low dissolved oxygen concentration commonly occur in the San 

                                                           
8
 Peggy Lehman et. Al.,  Initial impacts of Microcystis aeruginosa blooms on the aquatic food web in 

theSan Francisco Estuary,  Hydrologica, 2010.    Incorporated by reference. 
 
9
 Mioni, C.E., Kudela, R.M., Baxa, D. (2012) Harmful cyanobacteria blooms and their toxins in Clear 

Lake and the Sacramento-San Joaquin Delta (California). Surface Water Ambient Monitoring Program 

(10-058-150). Final Report, March 31, 2012.    Incorporated by reference. 
 
10

 Feyer, Sommer, and Slater, Old school vs. new school: status of threadfin shad (Dorosoma petenense) 

five decades after its introduction to the Sacramento-San Joaquin Delta, San Francisco Estuary and 

Watershed Science, 7(1), 2009.   Incorporated by reference. 



Joaquin River and have been known to cause die-offs of threadfin shad. Such events are 

difficult to characterize and quantify but might be responsible in part for the sudden 

declines in abundance sometimes observed from one year to the next. In recent yearsthere 

have been dense blooms of M. aeruginosa geographically centered where threadfin shad 

are most abundant (Lehman and others 2008). The blooms also occur during the critical 

late summer/early fall when newly spawned fish are recruiting to the population (Lehman 

and others 2007). 
 

Conclusion 

Climate change is fundamentally shifting Sacramento River flows and Delta inflows, in a way that was 

not forseen when the original diversion permits in the Sacramento River and the Delta by the U.S. Bureau 

of Reclamation and the Department of Water Resources were issued by the State Water Rights Board in 

1960 and 1967. 

Not only has there been a significant reduction in precipitation in California in the spring and fall, as well 

as snowpack, there has been a maturity of water rights in the areas of origin.   The assumption that there 

was unstored water available in the Delta for for export in the months of July, August, and September was 

always questionable, and it is likely that these developments have eliminated any surplus water in these 

months. 

Rather than attempt to resovle these issues entirely by setting water quality targets for these months, 

which involves a great deal of uncertainty, given the range of future scenarios due to climate change, it 

would be more protective of the rights of the areas of origin to bar exports of unstored water in the Delta 

for those months in which studies show that it has not been available for the past two decades. 

This assures the areas of origin that water exported during these times will actually be stored water. 

Water quality targets can then focus on what quantities of stored water that will leave necessary bypass 

flows in the Sacramento River and the Delta. 

  



Appendix.    Tables of water remaining in the Delta.   From the North Delta Water Agency. 

 

 



 

 



 



 

 

 


